We consider the derivation of equivalent unconstrained systems for QCD given in the class of functions of nontrivial topological gauge transformations. We show that the unconstrained QCD obtained by resolving the Gauss law constraint contains a monopole, a zero mode of the Gauss law, and a rising potential, which can explain the phenomena of confinment and hadronization as well as spontaneous chiral symmetry breaking and the η-η ′ -mass difference.
Introduction
In this contribution I discuss the construction of gauge-invariant physical variables in QCD being adequate for the low energy nonperturbative region. The validity of the standard Faddeev-Popov (FP) integral [1, 2] for arbitrary gauges in non-Abelian theory has been proved by Faddeev [3] only for scattering amplitudes of degrees of freedom which are not observable in QCD. This proof is therefore not adequate for description of the phenomena of confinement and hadronization. The FP integral has been obtained from the Feynman path integral by construction of the non-Abelian equivalent unconstrained system in the class of functions of standard perturbation theory.
In the present paper we discuss the derivation of equivalent unconstrained systems for QCD in the class of functions of topologically nontrivial transformations, in order to demonstrate that the physical phenomena of hadronization and confinement in QCD can be explained by the explicit solutions of the non-Abelian constraints in this class of functions.
Befor we consider our main idea for QCD, we illustrate it on the example of the equvalent unconstrained system derived for QED by Heisenberg and Pauli [4] , and Dirac [5] .
space to lie along the total momentum of the bound state. The relativistic covariant unitary perturbation theory in terms of such the relativistic instantaneous bound states has been constructed in [8] . In this pertusbation theory, each instantaneous bound state in QED has a proper equvalent unconstrained system. The manifold of frames corresponds to the manifold of "equivalent unconstrained systems". The relativistic invariance means that a complete set of physical states for any equivalent system coincides with the one for another equivalent system (this treatment belongs to Schwinger, see [11] ).
This treatment of the relativistic invariance and covariance is confused with the naive understanding of the relativistic invariance as independence on the time-axis of the functional integral.
One supposes that the dependence on the frame (l (0) ) can be removed by the transition from the Feynman integral (5) to perturbation theory in any relativistic-invariant gauge f (A) = 0 with the FP determinant
This transition is well-known as a "change of gauge", and it is fulfilled in two steps I) the change of the variables A * (4), and II) the change of the physical sources J * of the type of
At the first step, all electrostatic monopole physical phenomena are concentrated in the Dirac gauge factor U(A) (4) that accompanies the physical sources J * . At the second step, changing the sources (8) we lose the Dirac factor together with the whole class of electrostatic phenomena including the Coulomb-like instantaneous bound state formed by the electrostatic interaction.
Really, the FP perturbation theory in the relativistic gauge contains only photon propagators with the light-cone singularities forming the Wick-Cutkosky bound states with the spectrum differing 1 from the observed one which corresponds to the instantaneous Coulomb interaction. Thus, the restoration of the "explicit" relativistic form of the equvalent unconstrained system (l (0) ) by the transition to a relativistic gauge loses all electrostatic "monopole physics" with the Coulomb bound states.
3 Unconstrained QCD
Topological degeneration and class of functions
We consider the non-Abelian SU c (3) theory with the action functional
where ψ andψ are the fermionic quark fields. We use the conventional notation for the non-Abelian electric and magnetic fields
as well as the covariant derivative (9) is invariant with respect to gauge transformations u(t, x)
A a µ . It is well-known [2] that the initial data of all fields are degenerated with respect to the stationary gauge transformations u(t, x) = v( x). The group of these transformations represents the group of three-dimensional paths lying on the three-dimensional space of the SU c (3)-manifold with the homotopy group π (3) (SU c (3)) = Z. The whole group of stationary gauge transformations is split into topological classes marked by the integer number n (the degree of the map) which counts how many times a three-dimensional path turns around the SU(3)-manifold when the coordinate x i runs over the space where it is defined. The stationary transformations v n ( x) with n = 0 are called the small ones; and those with n = 0
the large ones. The degree of a map
as the condition for normalization means that the large transformations are given in the class of functions with the spatial asymptotics O(1/r). Such a function L n i (12) is given by
where the antisymmetric SU(3) matrices are denoted by
and r = | x|. The function f 0 (r) satisfies the boundary conditions
so that the functions L 
whereĀ i is a weak perturbative part with the asymptotics at the spatial infinitȳ
We restrict ouselves to ordinary perturbation theory around a static monopole Φ i ( x), and use, as an example, the Wu-Yang monopole [13, 14] Φ
which is a solution of classical equations everywhere besides the origin of coordinates. To remove a sigularity at the origin of coordinates and regularize its energy, the Wu-Yang monopole is changed by the Bogomol'nyi-Prasad-Sommerfield (BPS) monopole [15] 
to take the limit of zero size ǫ → 0 at the end of the calculation of spectra and matrix elements.
The statement of the problem is to construct an equivalent unconstrained system for the non-Abelian fields in this monopole-type class of functions.
The Gauss Law Constraint
An equivalent unconstrained system is obtained by resolving the non-Abelian Gauss law constraint
where
γ µ ψ is the quark current. In lowest order of the perturbation theory this constraint takes the form
In the considered case of BPS-monopole (19) , there is the zero mode of the covariant Laplace operator in the monopole field
The nontrivial solution of this equation is well-known [15] ; it is given by equation (14) where
has the boundary conditions (15) of a phase of the topological transformations (14) . This zero mode is a perturbative form of a zero mode of the Gauss law constraint (20) [6, 16, 17] as the solution Z a of the homogeneous equation (20) (
with the asymptotics at the space infinitŷ
whereṄ (t) is the global variable of an excitation of the gluon system as a whole. From the mathematical point of view, the zero mode means that the general solution of the inhomogeneous equation (20) 
where the spatial asymptotics of U Z is
and A I = Φ +Ā, ψ I are the degeneration free variables. In this case, the topological degeneration of all color fields converts into the degeneration of only one global topological variable N(t) with respect to a shift of this variable on integers: (N ⇒ N + n, n = ±1, ±2, ...). One can check [18] that the Pontryagin index for the Dirac variables (26) with the assymptotics (17), (25), (27) is determined by only the diference of the final and initial values of the topological variable
Thus, we can identify the global variable N(t) with the winding number degree of freedom in the Minkowski space. This degree of freedom plays the role of the Goldstone mode that removes the topological degeneration of initial data.
As we shall see below, the vacuum wave function of the topological free motion in terms of the Ponryagin index (28) takes the form of a plane wave exp(iP N ν[A * ]). The well-known instanton wave function [19] appears for nonphysical values of the topological momentum P N = ±i8π 2 /g 2 . This fact points out that instantons are permanently tunelling and correspond to quantun nonphysical solutions with the zero energy in Euclidean spacetime of the type of nonphysical ones for an oscillator (p 2 + q 2 )ψ 0 = 0 2 .
Physical Consequences
The dynamics of physical variables including the topological one is determined by the constraint-shell action of an equivalent unconstrained system (EUS) as a sum of the zero mode part, and the monopole and perturbative ones
The action for an equivalent unconstrained system (29) in the gauge (35) with a monopole and a zero mode has been obtained in the paper [18] following the paper [3] . This action contains the dynamics of the topological variable in the form of a free rotator
where ǫ is a size of the BPS monopole considered as a parameter of the infrared regularization which disappears in the infinite volume limit. The dependence of ǫ on volume can be chosen as ǫ ∼ V −1 , so that the density of energy was finite. 
